A nonsynonymous single nucleotide polymorphism (SNP), rs17822931-G/A (538G.A; Gly180Arg), in the ABCC11 gene determines human earwax type (i.e., wet or dry) and is one of most differentiated nonsynonymous SNPs between East Asian and African populations. A recent genome-wide scan for positive selection revealed that a genomic region spanning ABCC11, LONP2, and SIAH1 genes has been subjected to a selective sweep in East Asians. Considering the potential functional significance as well as the population differentiation of SNPs located in that region, rs17822931 is the most plausible candidate polymorphism to have undergone geographically restricted positive selection. In this study, we estimated the selection intensity or selection coefficient of rs17822931-A in East Asians by analyzing two microsatellite loci flanking rs17822931 in the African (HapMap-YRI) and East Asian (HapMap-JPT and HapMap-CHB) populations. Assuming a recessive selection model, a coalescent-based simulation approach suggested that the selection coefficient of rs17822931-A had been approximately 0.01 in the East Asian population, and a simulation experiment using a pseudo-sampling variable revealed that the mutation of rs17822931-A occurred 2006 generations (95% credible interval, 1,023-3,901 generations) ago. In addition, we show that absolute latitude is significantly associated with the allele frequency of rs17822931-A in Asian, Native American, and European populations, implying that the selective advantage of rs17822931-A is related to an adaptation to a cold climate. Our results provide a striking example of how local adaptation has played a significant role in the diversification of human traits.
Introduction
The type of human earwax is determined by a nonsynonymous single nucleotide polymorphism (SNP), rs17822931-G/A (538G.A; Gly180Arg), in the ABCC11 gene (MIM *607040) (Yoshiura et al. 2006) . The GG and GA genotypes correspond to the wet type of earwax and the AA genotype to the dry type. The rs17822931-A allele leading to dry earwax in a recessive manner is nearly absent in African populations, whereas it is found in European populations and is very common in East Asian populations (supplementary fig. S1 , Supplementary Material online) (Yoshiura et al. 2006) .
A recent genome-wide scan for positive selection revealed that a genomic region spanning ABCC11, LONP2, and SIAH1 genes has been subjected to a selective sweep in East Asians (EAS) (Kimura et al. 2007) . Figure 1 shows the averaged heterozygosity in the genomic region around rs17822931 of the ABCC11 gene, calculated based on the HapMap data (The International HapMap Consortium 2003 . A remarkable reduction in heterozygosity around rs17822931 is found in EAS (i.e., Japanese in Tokyo, Japan [JPT] þ Han Chinese in Beijing, China [CHB] ), whereas such a reduction is not observed in Yoruba in Ibadan, Nigeria (YRI) ( fig. 1) . Furthermore, compared with YRI and CEPH Utah residents with ancestry from northern and western Europe (CEU), linkage disequilibrium (LD) around rs17822931 is more extended in EAS (supplementary fig. S2 , Supplementary Material online).
Although the genomic region containing rs17822931 appears to have been subjected to positive selection (Kimura et al. 2007) , it is hard to readily conclude that rs17822931 is a direct target of positive selection because rs17822931 is located in a large LD block spanning ;370 kb (from rs520151 to rs7206867) in EAS (supplementary fig. S2 , Supplementary Material online). Of 11 SNPs in this LD block, two SNPs, rs17822931 in ABCC11 and rs6500380 in LONP2, are highly differentiated between EAS and YRI and also between EAS and CEU (supplementary fig. S3 , Supplementary Material online). Although it is difficult to statistically examine if natural selection has acted against rs17822931 rather than against rs6500380 owing to the strong LD between them (r 2 5 0.91), rs6500380, which is located in intron 12 of LOMP2, seems to have less functional significance compared with rs17822931, which leads to the Gly180Arg amino acid change in ABCC11. In addition, rs17822931 has been reported to be one of most differentiated nonsynonymous SNPs between East Asian and African populations (The International HapMap Consortium 2005; Wang et al. 2007 ). Taken together, rs17822931 is the most plausible candidate polymorphism to have undergone geographically restricted positive selection in East Asia.
To date, a number of genomic regions and polymorphisms have been reported to be subjected to strong positive selection in human populations (The International HapMap Consortium 2005; Voight et al. 2006; Kimura et al. 2007; Grossman et al. 2010) . However, the selection intensities for most of the selected alleles remain unclear. Although molecular variation data are required to investigate the selection intensity, a shortage of SNPs in the genomic region containing ABCC11 in Japanese has been reported (Yoshiura et al. 2006) . Microsatellite markers are also suitable for studying the selection intensity because of the high degree of polymorphism caused by a high mutation rate (Tishkoff et al. 2001) . Thus, in this study, we infer the selection intensity of rs17822931-A in EAS by using a mathematical approach based on the data from two microsatellite loci flanking the ABCC11 gene and we also estimate the age of rs17822931-A. Furthermore, we discuss the possible factor causing local adaptation of rs17822931-A.
Materials and Methods

Ethics Statement
This study was approved by the Research Ethics Committee of the Graduate School of Comprehensive Human Sciences of the University of Tsukuba.
DNA Samples
DNA samples from HapMap panel subjects, including 58 subjects from YRI, 43 JPT, and 45 CHB, were analyzed in this study.
Genotyping
For genotyping two microsatellites, D16S0513i and D16S0218i, polymerase chain reaction (PCR) was performed using the following sets of primers: 5#-CAAGTCT-TAAAGTTCTCAGTGGC-3# (forward primer) and 5#-GAA-CAATCAGGATATAAGGAACC-3# (reverse primer) for D16S0513 and 5#-TGTAATCCTAACTACTCAGGACAC-3# (forward primer) and 5#-GGACTCTTTATTCTCCAGT-GAG-3# (reverse primer) for D16S0218i. PCR was performed with an initial denaturation at 96°C for 10 min, followed by 35 cycles of denaturation at 96°C for 30 s, annealing at 58°C for 30 s, and extension at 72°C for 1 min using a thermal cycler (GeneAmp PCR system 9700; Perkin-Elmer Applied Biosystems). The D16S0513i genotype was analyzed by direct sequencing. According to the Gene Diversity DataBase System, D16S0218i consists of AAAAC units; however, the PCR-direct sequencing of D16S0218i detected microsatellite alleles with an AATAC unit. Therefore, to distinguish these alleles from alleles consisting only of AAAAC repeats, we devised a PCR-single-strand conformation polymorphism (PCR-SSCP) method followed by PCR-direct sequencing. Heterozygous genomic DNAs were subjected to PCR-SSCP analysis. Subsequently, each of the separated alleles was recovered from the gel and served as the template for direct sequencing. For PCR-SSCP, 2 ll of solution containing the PCR product was mixed with 6 ll of denaturing solution (95% formamide, 20 mM ethylenediaminetetraacetic acid [EDTA], 0.05% bromophenol blue, 0.05% xylene cyanol FF), and the mixture was denatured at 96°C for 5 min and immediately cooled on ice. One microliter of each mixture was applied to 10% polyacrylamide gel (acrylamide:bisacrylamide 5 49:1) containing 5.0% glycerol. Electrophoresis was carried out for 100 min in 0.5Â TBE (45 mM Tris-borate [pH 8.0], 1 mM EDTA) at 20°C at a constant current of 20 mA/gel using a minigel electrophoresis apparatus with a constant temperature control system (90 Â 80 Â 1 mm, AE 6410 and AE 6370; ATTO, Tokyo, Japan). Single-stranded DNA fragments in the gel were visualized by SYBR Gold staining. After electrophoresis of DNA fragments through an acrylamide gel, multiple separate DNA bands were excised. The gel pieces were then immersed in 20 ll of TE buffer in a 0.5-ml Eppendorf tube and heated at 95°C for 10 min. The extract was briefly vortexed and centrifuged. A 1-ll sample of supernatant was then subjected to the second PCR, which was performed under the same conditions as the first PCR but with 25 cycles. Direct sequencing was then performed to complete the genotyping.
Statistical Analysis
The allele frequency and genotype data of SNPs around rs17822931 of ABCC11 on chromosome 16 were obtained from the HapMap database. Only SNPs analyzed in three HapMap populations (i.e., YRI, EAS, and CEU) were further selected for the calculation of the heterozygosity. The averaged heterozygosity was calculated for SNPs within 25 kb on either side of the focal SNP. To evaluate the structure of LD around rs17822931, the absolute D# values, jD#j, and r 2 for all pairwise combinations of SNPs with minor allele frequency of more than 0.05 in each population were estimated using Haploview software (Barrett et al. 2005) , and pairwise jD#j values were further visualized as a heat MBE map by use of the GOLD program (Abecasis and Cookson 2000) . Deviation from Hardy-Weinberg equilibrium at each microsatellite locus was assessed by Monte Carlo simulation using SNPAlyze version 7.0 (Dynacom, Yokohama, Japan). The frequencies of D16S0513i-rs17822931-D16S0218i haplotypes were estimated using the expectation-maximization algorithm (Excoffier and Slatkin1995) implemented in SNPAlyze version 7.0. The numbers of synonymous (d S ) and nonsynonymous (d N ) substitutions per site between the ABCC11 coding sequences of human (NM_033151), chimpanzee (XM_001163586), and macaque (XM_001114216) were estimated using DnaSP version 5 (Librado and Rozas 2009) based on the method of Nei and Gojobori (1986) . A regression analysis was performed to examine the association between latitude and allele frequency in Asian, Native American, and European populations. The data of latitude for each population and allele frequencies of 47 SNPs (i.e., rs17822931 and 46 nonlinked SNPs) were obtained from the ALFRED database (Osier et al. 2001; Rajeevan et al. 2003; Sanchez et al. 2006; Yoshiura et al. 2006) . P values less than 0.05 were considered statistically significant.
Coalescent Simulation
Using SelSim program (Spencer and Coop 2004) , the variance in the repeat number, S 2 , among the simulated chromosomes was computed for various values of 4Nu in a single stepwise mutation model without mutational bias. Because the 57 YRI individuals and the 114 YRI chromosomes were successfully genotyped for D16S0513i, we sampled 114 chromosomes in each simulation run and calculated the average S 2 from 1,000 runs. For D16S0218i, a more complicated approach was conducted because the stepwise mutation rate of alleles consisting of only the simple repeat units AAAAC may be different from that of alleles with an AATAC unit. Because the population frequency of a microsatellite allele with an AATAC unit was low in EAS populations (i.e., 2/174), alleles with an AATAC unit were not considered in the estimation of selection intensity. Thus, the mutation parameter for microsatellite alleles with only AAAAC units was estimated as follows. First, we assumed that a point mutation from A to T occurred only once and that the total population frequency of alleles with an AATAC unit has been increased to 0.2 in the YRI population. In the SelSim simulation, two loci, a selectively neutral SNP and microsatellite, with complete linkage (i.e., no recombination between the two loci) were assumed, and microsatellite alleles on the chromosome with a derived allele at the SNP were regarded as ones with an AA-TAC repeat unit. The SelSim simulation was conducted under the conditions in which the final allele frequency of a derived allele at the SNP was 0.2, which reflects the fact that in YRI the present total frequency of alleles with an AATAC unit is 0.2. After each simulation run, 88 chromosomes with an ancestral allele at the SNP (i.e., microsatellite alleles with only AAAAC units) were sampled, and the average S 2 after 1,000 runs was calculated. The regression line for each microsatellite was obtained from the average S 2 . The SelSim program was also used to estimate the selection intensity. In the simulation, two linked loci were assumed: an SNP with A and G alleles (i.e., rs17822931-A/G) and a microsatellite locus (i.e., D16S0513i or D16S0218i). The relative fitnesses of the AA, AG, and GG genotypes at the SNP were given by 1þs, 1, and 1, respectively, where s . 0. The present allele frequency of A was set at 0.93 in a population with the size of 3,100. The mutation rate estimated for EAS was applied for each microsatellite locus. The genetic distances between rs17822931 and D16S0513i (0.071 cM) and between rs17822931 and D16S0218i (0.194 cM) were obtained from the HapMap database. For each s, 1,000 simulation runs were performed, and the variance of repeat number S 2 for a microsatellite locus among the sampled chromosomes was calculated after each run. The rejection method was used to accept only simulation runs that showed S 2 within 20% of 0.128 for D16S0513i and of 0.190 for D16S0218i.
Estimation of Age
A conventional forward-time computer simulation is helpful for estimating the age of a mutation (Ohashi et al. 2004 ), but it requires substantial computation time because at least 2N random numbers must be drawn in each generation to produce a diploid population with size N. To avoid such a time-consuming process, Monte Carlo experiments using the ''pseudo-sampling variable'' (PSV), proposed by Kimura (Kimura 1980) , were performed, which allows us to shorten the simulation process. Instead of drawing 2N random numbers, a single uniform random number is generated with a suitable mean and a variance to produce the allele frequency in the next generation. Assuming recessive selection, the allele frequency of rs17822931-A in the next generation, p#, is given by the recursion:
where p is the allele frequency of rs17822931-A in the present generation, s a selection coefficient as described above, and n PSV represents a uniform random variable with mean 0 and variance pð1ÀpÞ 2N . The first term on the right in the above recursion equation indicates the expected allele frequency of rs17822931-A in the next generation. When a random number, R, uniformly distributed in the range between 0 and 1 (i.e., E(R) 5 1/2 and Var(R) 5 1/12) is used in the computer simulation, R must be transformed to aR þ b to attain the mean of 0 and the variance of MBE which is close to the absorbing states (i.e., 0 and 1), we evaluated the mean fixation time of a neutral mutation. The obtained time was very close to 4N generations, which is expected under neutrality. Thus, the present Monte Carlo experiments using the PSV are suitable for estimation of the age of a mutant allele. In the experiments, we considered the first arrival time at allele frequency of 0.93 (i.e., the present allele frequency of rs17822931-A in EAS) under recessive selection with s of 0.01 in a population with size N of 3,100 as the age of rs17822931-A. In each simulation run, when the allele frequency of rs17822931-A with an initial frequency of 1/2N exceeded 0.93, the number of generations was recorded. The mean and 95% credible interval were calculated for 1,000 successful runs.
Results
Allelic Diversity at Microsatellite Loci
Two microsatellite loci, D16S0513i and D16S0218i, flanking the ABCC11 gene ( fig. 2 ) and located outside an LD block (supplementary fig. S2 , Supplementary Material online) were selected from the Gene Diversity DataBase System and genotyped by PCR-direct sequencing. For a complicated microsatellite, D16S0218i, we devised a PCR-SSCP method followed by PCR-direct sequencing ( fig. 3 ).
Accordingly, we successfully determined the genotypes for D16S0513i and D16S0218i in the YRI and EAS populations. The allele frequencies of these two microsatellites in YRI and EAS are presented in Table 1 . In the YRI population, several microsatellite alleles with an AATAC unit were observed. Among these, (AAAAC) 6 AATAC(AAAAC) 2 was the most frequent, and the other three alleles with an AATAC could have been generated by a single slippage mutation of (AAAAC) 6 AATAC(AAAAC) 2 . Thus, it is speculated that a point mutation from A to T may have occurred in the (AAAAC) 9 allele. In the Hardy-Weinberg equilibrium test, only D16S0513i in EAS, wherein more heterozygotes were observed than expected, showed a P value below 0.05 (P 5 0.017). Although the excess of heterozygotes was mainly due to the observed (TC) 10 /(TC) 12 heterozygotes (the individual genotype data are provided in supplementary table S1, Supplementary Material online), it was unlikely to have been caused by a genotyping error. In addition, this P value might not necessarily be considered significant when multiple testing was taken into account. Thus, the EAS data were used for further analyses.
The estimated frequencies of D16S0513i-rs17822931-D16S0218i haplotypes were different between the YRI and EAS populations (supplementary tables S2 and S3, Supplementary Material online). The haplotype diversity was lower in EAS than in YRI. Among haplotypes consisting of rs17822931-A, (TC) 11 -A-(AAAAC) 7 was most frequent in EAS (supplementary table S3, Supplementary Material online), suggesting that the rs17822931-A mutation occurred in (TC) 11 -G-(AAAAC) 7 , which is also the most frequent haplotype in YRI (supplementary table S2, Supplementary Material online).
To evaluate the allelic diversities at microsatellite loci in YRI and EAS, we calculated the variance of repeat number, S 2 . The variance of repeat number, S 2 , is defined fig. S2 , Supplementary Material online) based on SNPs in a genomic region studied, the variance in repeat number or the allelic diversity at the microsatellite locus was lower in EAS than in YRI owing to the selective sweep in the former population.
Mutation Parameter (4Nu)
In this study, we used S 2 as the measurement in the computer simulation to infer the selection intensity of rs17822931-A. First, the stepwise mutation rates at the flanking microsatellite loci in EAS had to be estimated; however, it is difficult to estimate the mutation parameters 4Nu (where N is the population size and u is the single stepwise mutation rate) at D16S0513i and D16S0218i in EAS by a coalescent approach because these loci have been strongly influenced by positive selection operating at rs17822931. Unlike in EAS, the two microsatellite loci appear to have been free from positive selection in YRI, wherein the rs17822931-A allele was not observed and there was no reduction in heterozygosity around the ABCC11 gene ( fig. 1) . Thus, the YRI data can be used to estimate the mutation parameter 4Nu under the assumption of selective neutrality. In brief, using a coalescent simulation program, SelSim, the variance in the repeat number, S 2 , among the simulated chromosomes was computed for various values of 4Nu under neutrality, and then the linear regression equation for the simulated data was calculated for each microsatellite (see Materials and Methods for details). For D16S0513i, the linear regression equation for the simulated data was S 2 5 À0.037 þ 4Nu Â 0.513, and the S 2 observed at D16S0513i in YRI was 1.056 ( fig. 4) . Thus, 4Nu at D16S0513i in YRI was estimated to be 2.131. For D16S0218i, a more complicated approach was required because a point mutation from A to T (i.e., from AAAAC to AATAC) was found within a repeat in the YRI population (table 1). The mutation rate of alleles consisting of only simple repeat units AAAAC may be different from that of alleles with an AATAC unit. For simplicity, we did not consider alleles with an AATAC unit in the estimation of selection intensity because the population frequency of a microsatellite allele with an AATAC unit was low (i.e., 2/174) in EAS (table 1). The regression equation for simulated chromosomes with microsatellite alleles consisting only of AAAAC was S 2 5 0.037 þ 4Nu Â 0.420 ( fig. 4) . Substituting the observed S 2 of 0.612 in this equation for 88 YRI chromosomes with only AAAAC units, 4Nu for AAAAC repeats at D16S0218i in YRI was estimated to be 1.368.
Estimation of Selection Coefficient
Recently, it was reported that the effective population size for CEU, JPT, and CHB is approximately 3,100, whereas for YRI, the approximate size is 7,500 (Tenesa et al. 2007 ). Thus, assuming that there is no difference in mutation rates at D16S0513i and D16S0218i between YRI and EAS, 4Nu for D16S0513i and D16S0218i in EAS were estimated to be 0.881 (5 2.131 Â 3,100/7,500) and 0.565 (5 1.368 Â 3,100/7,500), respectively, under neutrality. Here, we further assumed that the effective population size for EAS (JPT þ CHB) was close to that for JPT or CHB Natural Selection on an ABCC11 SNP · doi:10.1093/molbev/msq264 MBE because these East Asian populations share recent common ancestors.
To estimate the selection intensity, we again used SelSim. In the simulation, we assumed two linked loci: a SNP (i.e., rs17822931-A/G) and a microsatellite locus (i.e., D16S0513i or D16S0218i). Because the rs17822931-A allele leads to dry earwax in a recessive manner, the relative fitnesses of the AA, AG, and GG genotypes at rs17822931 were given by 1 þ s, 1, and 1, respectively (i.e., recessive selection model). The present population frequency of rs17822931-A was set as 0.93 as observed in EAS, and the population size, N, was 3,100 in the simulation. The mutation rate estimated above for EAS was applied for each microsatellite locus. The genetic distances between rs17822931 and D16S0513i and between rs17822931 and D16S0218i were assumed to be 0.071 cM and 0.194 cM ( fig. 2 ). For each s, we conducted 1,000 simulation runs, and S 2 for a microsatellite locus among the sampled chromosomes was calculated after each run. We used the rejection method to accept only simulation runs that resembled the observed value of S 2 in EAS when the run was terminated (i.e., S 2 of accepted runs were within 20% of 0.128 for D16S0513i and 0.190 for D16S0218i, respectively). Finally, the number of accepted runs in 1,000 trails was counted ( fig. 5A ). The peaks of D16S0513i and D16S0218i were observed at s of 0.02 and 0.002, respectively. When both results were combined, the peak was found at s of 0.01. Thus, we conclude that the selection coefficient of rs17822931-A has been approximately 0.01 (i.e., scaled selection coefficient 2Ns 5 62) in East Asians. Because microsatellite loci can be polymorphic owing to the high mutation rate even after a strong selective sweep, the present approach using microsatellite markers near a polymorphism subjected to positive selection should be useful for estimating the selection intensity.
Age of rs17822931-A Next, we estimated the age of rs17822931-A by using Monte Carlo experiments. We considered the first arrival time at an allele frequency of 0.93 (i.e., the present allele frequency of rs17822931-A in EAS) under recessive selection with s of 0.01 in a population with size N of 3,100 as the age of rs17822931-A. It should be noted that we did not consider cases where rs17822931-A was lost from a population without an excess of the allele frequency of 0.93 in the calculation of the mean age. Figure 5B shows the frequency distribution of age in 1,000 successful runs. The Association between Latitude and Allele Frequency of rs17822931-A Finally, we examined the association between latitude and the rs17822931-A allele frequency in worldwide populations in the ALFRED database (Osier et al. 2001; Rajeevan et al. 2003) (fig. 6 ). Interestingly, absolute latitude was significantly associated with the population frequency of rs17822931-A across regions (i.e., Asians, Native Americans, and Europeans), even though the populations have different histories of migration and expansion. Here, African populations were not included in the analysis because of the absence of rs17822931-A. Also, Oceanic populations were not evaluated because of the small sample size. To evaluate if absolute latitude is commonly associated with allele frequency in human populations, 46 nonlinked SNPs studied by Sanchez et al. (2006) were further analyzed as controls (supplementary fig. S4 and table S4 , Supplementary Material online). Significant associations (P value , 0.05) were detected for several SNPs. However, unlike rs17822931, no control SNP showed significant association in all three regions.
Discussion
To identify the signature of recent positive selection in human populations, a number of LD-based methods have been developed (Sabeti et al. 2002; Voight et al. 2006; Kimura et al. 2007; Grossman et al. 2010) . However, such methods generally do not allow us to estimate the selection intensity of an advantageous allele. This study suggests that the selection coefficient of rs17822931-A has been 0.01 in East Asians (fig. 5A ). The present approach using microsatellite markers near a polymorphism subjected to positive selection should be useful for estimating the selection intensity of an advantageous allele even after a strong selective sweep.
The estimated age of rs17822931-A was 2,006 generations. Although the 95% credible interval was large (1,023-3,901 generations; fig. 5B ), the date of the rs17822931-A mutation is in agreement with the generally accepted ''Out of Africa'' scenario; the date for the divergence of African and non-African populations is 3,500 generations ago and that for the divergence of European and Asian populations is 2,000 generations ago (Schaffner et al. 2005) . When rs17822931-A was assumed to be selectively neutral (i.e., s 5 0), the mean age of rs17822931-A was 10,038 generations (95% credible interval: 3,742-23,796 generations). The geographical distribution of rs17822931-A (supplementary fig. S1 , Supplementary Material online) suggests that rs17822931-A appeared after an ''Out of Africa'' event. Thus, we may conclude that, without the assumption of positive selection, it is difficult to explain the rapid increase in the allele frequency of rs17822931-A in East Asian populations.
Polymorphisms that are directly subjected to natural selection must have functional significance. The functional significance of rs17822931-G/A (G180R) has been recently described (Toyoda et al. 2009 ). Immunofluorescence staining of human ABCC11 protein in tissue specimens containing ceruminous apocrine glands from human subjects with the rs17822931-G/A (180G/R) or rs17822931-A/A (180R/R) genotype revealed that the ABCC11 G180 protein is localized in the intracellular granules and large vacuoles, whereas neither granular nor vacuolar localization was detected for R180. Furthermore, the level of R180 protein was lower than that of G180 due to its proteasomal degradation NOTE.-The ABCC11 mRNA sequences of human, chimpanzee, and macaque are NM_033151, XM_001163586, and XM_001114216, respectively. The numbers of differences and sites were calculated based on the method of Nei and Gojobori (1986) .
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To examine if the ABCC11 protein has no selective constraint, the d N /d S ratios of human, chimpanzee, and macaque were calculated (table 2) . The results suggest that purifying selection has operated against the ABCC11 gene in the human lineage after divergence from chimpanzee. Nevertheless, the frequency of rs17822931-A, a loss of function mutation, has increased in non-African populations. Thus, an ''Out of Africa'' event may have removed a long-standing selective constraint on the ABCC11 gene.
What is the cause of the selective advantage of rs17822931-A? Although the physiological function of earwax is poorly understood (Matsunaga 1962) , dry earwax itself is unlikely to have provided a substantial advantage. The rs17822931-GG and GA genotypes (wet earwax) are also strongly associated with axillary osmidrosis, suggesting that the ABCC11 protein has an excretory function in the axillary apocrine gland (Nakano et al. 2009 ). The ancestral environment of East Asians is thought to have been much colder than that of Africans. As Yoshiura et al. (2006) suggested, the ancestors of East Asians with the rs17822931-AA genotype might have had some selective advantages, such as less sweating, as an adaptation to the cold climate. Because average daily and annual temperatures, on the whole, correlate with absolute latitude (New et al. 2002) , in order to examine the ''cold adaptation hypothesis,'' the association between absolute latitude and allele frequency was evaluated for 47 SNPs including rs17822931 in worldwide populations. Absolute latitude was found to be associated with rs17822931-A allele frequency across three regions (i.e., Asian, Native American, and European populations), whereas significant associations in all three regions were not observed for any control SNPs (supplementary fig. S4 and table S4, Supplementary Material online). Thus, we conclude that absolute latitude is not always associated with allele frequency across human populations and that the geographical distribution of rs17822931-A is rather an exception. Therefore, the observed latitudinal cline in the rs17822931-A allele frequency strongly supports the cold adaptation hypothesis, although the possibility that other conditions associated with latitude (e.g., sunlight and microbial environment) might play a role cannot be excluded.
Despite great progress in understanding the associations between genetic variants and traits in humans owing to genome-wide association study using a number of SNP markers, the effect of local adaptation on the difference in phenotype among human populations remains to be studied. The present study provides a striking example of how local adaptation has played a significant role in the phenotypic diversification of human traits.
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